The chemical components of the essential oil obtained from Chrysanthemum indicum L. were analyzed by GC-MS. Seventy-three compounds accounting for 96.65% of the extracted essential oil were identified. The main compounds in the oil were α-pinene (4.4%), 1,8-cineole (10.4%), α-thujone (6.05%), camphor (10.12%), terpinen-4-ol (3.4%), bornyl acetate (6.1%), borneol (3.6%), cis-chrysanthenol (3.4%), β-caryophyllene (5.1%), germacrene D (10.6%), and α-cadinol (3.0%). The essential oil of C. indicum exhibited stronger antibacterial activity against all oral bacteria tested (MICs, 0.1 to 1.6 mg/ml; MBCs, 0.2 to 3.2 mg/ml) than their major compounds. Furthermore, the MICs/MBCs were reduced to one half ~ one sixteenth as a result of the combinations included the essential oil with ampicillin or gentamicin for all oral bacteria. A strong bactericidal effect was exerted in drug combinations. The in vitro data suggest that the essential oil of C. indicum with other antibiotics may be microbiologically beneficial and synergistic.
INTRODUCTION

Chrysanthemum indicum L. (Compositae), spreading
widely in Korea is a well-known herb and medicinal plant with small yellow flowers (1, 2) . C. indicum has been used in mixed spices, as a food additives for masking flavors, and used in teas and alcoholic beverages (combined with the flowers) in Korea from the ancient times (1~3). The C.
indicum has a long history using as an Oriental traditional medicine for the treatment of several infectious diseases such as pneumonia, colitis, stomatitis, cancer, fever, and sore and used to treat vertigo, pertussis, and hypertensive symptoms (2, 4~7). Its flowers are also commonly used as tea to treat some eye diseases (8) . Furthermore, recently its extracts has been reported to have central and peripheral analgesic properties, lowering blood pressure as well as anti-inflammatory activities, also exhibited inhibitory activity against bacteria and viruses (4, 5, 7, 9) . Several chemical compounds isolated from C. indicum flowers were also found to exhibit inhibitory activity against nitric oxide (NO) in lipopolysaccharide-activated macrophages and rat lens aldose reductase (5, 10) .
In the present study, the chemical compositions of essential oil from C. indicum were identified by GC-MS method, and their antibacterial properties against oral bacteria were evaluated using broth microdilution method and the checkerboard method to obtain a fractional inhibitory concentration (FIC) index.
MATERIALS AND METHODS
Plant material and extraction of the essential oil
The aerial parts of C. indicum were collected in September The injector and detector temperatures for both analyses were 250℃, respectively. The carrier gas was nitrogen, at a flow rate of 1.86 ml/min for the Supelcowax 10 column. 
Bacterial strains
Antimicrobial activities of the essential oil and some of its major compounds against some oral bacteria and a few reference strains were determined by the broth dilution method. The oral bacterial strains used in this study were: intermedia and P. gingivalis, brain-heart infusion broth containing hemin 5 μg/ml (Sigma Chemical Co., St. Louis, MO, USA) and menadione 1 μg/ml (Sigma) was used.
Minimum inhibitory concentrations/minimum bactericidal concentrations assay
The minimum inhibitory concentrations (MICs) were determined for the essential oil and some of its major compounds by the broth dilution method (11, 12) , and it was carried out in triplicate. The antibacterial activities were examined after incubation at 37℃ for 18 h (facultative 
Checker board dilution test
The antibacterial effects of a combination of the essential oil, which evidenced the most profound antimicrobial activity, and antibiotics were evaluated via the checkerboard test, as described previously (12) . 
RESULTS
Chemical composition of the essential oil
A light golden yellow essential oil of C. indicum was obtained with a yield of 0.5% dry weight. Results of the GC and GC-MS analyses for the essential oil are shown in 
Antibacterial activities of the essential oil
Antibacterial activities of the essential oil of C. indicum or some of its major compounds against some oral bacteria and reference strains were determined by the MICs through the broth dilution method carried out in triplicate (11) . The results of the antibacterial activity (Table 2) In combination with the essential oil, the MICs/MBCs for ampicillin were reduced by ≥8-fold in S. mutans, S.
sanguinis, S. ratti, S. anginosus, S. gordonii, F. nucleatum,
P. intermedia, and P. gingivalis, suggesting a synergistic effect as defined by a FICI of ≤ 0.5, except S. sobrinus, S. The checkerboard test as previously described (13) . The MICs and MBCs of the essential oil of C. indicum with ampicillin against some oral bacteria with a few reference strains are indicated. c The interaction was defined as synergistic if the FICI was less than or equal to 0.5, additive if the FICI was greater than 0.5 and less than or equal 1.0, indifferent if the FICI was greater than 1.0 and less than or equal to 2.0, and antagonistic if the FICI was greater than 2.0 (12, 13) bacteria except E. coli, S. epidermidis, S. pyogenes, and S. ratti with the MICs/MBCs of 1/1 to 256/512 μg/ml for gentamicin becoming 0.125/0.3 to 32/32 μg/ml (Table 4) . The checkerboard test as previously described (13) . The MICs and MBCs of the essential oil of C. indicum with gentamicin against some oral bacteria with a few reference strains are indicated. c The interaction was defined as synergistic if the FICI was less than or equal to 0.5, additive if the FICI was greater than 0.5 and less than or equal 1.0, indifferent if the FICI was greater than 1.0 and less than or equal to 2.0, and antagonistic if the FICI was greater than 2.0 (12, 13) (11, 15, 18, 19) . The essential oils of Chrysanthemum have been found to have antibacterial, antifungal, and antioxidant activities (7, 10, 20) . In general, there is a correlation between the antifungal activity and the percentage of some major components (20) . Camphor and 1,8-cineole as well as borneol were well-known chemical with their pronounced antimicrobial properties (7, 11, 15) . In this study, the essential oil of C. indicum exhibited stronger antibacterial activity than some of its major compounds. In addition, our results are consistent with previous findings that the components in lower amount such as α-terpineol, terpinen-4-ol, ρ-cymene, and linalool could also contribute to the antimicrobial activity of the oils (7, 15, 19) . In fact, it was also possible that the components in lower percentage might be involved in some type of synergism with the other active compounds, synergistic activity of 1,8-cineole and camphor against some bacteria had already been reported (11, 15, 19) .
These results also indicate the possibility of exploitation of the essential oil of C. indicum as an effective inhibitor of oral bacteria, for example, a component of toothpaste and/or gargling solution. However, for medicinal purposes, the safety and toxicity of this essential oil need to be addressed.
